structure prediction", by S. Wickramasinghe, A. Atnagulov, B. Yoon, R. N. Barnett, W. P. Griffith, U. Landman, and T. P. Bigioni, J. Am. Chem. Soc. 137, 11550-11553 (2015) .
We also note here the close similarity between the geometrical structure of the all -Ag (i.e. (TOA)3Ag17(TBBT)12), and (TOA)3AuAg16(TBBT)12 clusters. Indeed, the geometries of the ligands (TBBT) and those of the metal parts are influenced only in a minor way by the central atom substitution. For example we show below the values of the average and standard deviation (in parenthesis) of the distances (in Ǻ) from the central atom of the cluster (Au, or Ag respectively) to (i) the Ag12 shell of the 13-atom icosahedron core, and (ii) the four Ag atoms (4Ag) in the capping Ag(SR)3 mounts:
Core type Ag12 4Ag
AuAg16 2.816(0.019) 4.627(0.024) Ag17 2.815(0.020) 4.610(0.023)
Analysis of the superatom peaks in the PDOS ( Fig. 2A )
Angular momentum decomposition of the 1S superatom orbital at -6.97 eV, shows a dominant (88.3%) S (L=0) contribution. The highest occupied (HOMO) 1P superatom orbitals at -1.26 eV, -1.23 eV and -1.13 eV, show majority (58.4%) P (L=1), contribution, with the 2L+1 =3 degeneracy split by the crystalline environment. Similarly, the lowest unoccupied (LUMO) 1D superatom orbitals at 0.99 eV, 1.03 eV, 1.04 eV, 1.06 eV, and 1.09 eV show dominant (74%) D (L=2) contribution, with the 2L+1=5 degeneracy splitting. The delocalized 2S superatom orbital at 1.42 eV shows mixed 2S (31.8%) and 1F (61,5) character. The states in the interval 6.3 eV < E-EF < -6.0 eV are the 5d state of central Au atom in the cluster, slightly broadened (degeneracy splitting) by the crystal field of the surrounding Ag icosahedral cage. table S1. Contributions of different angular momentum components (s, p, d,…) to the superatom peaks in the calculated PDOS ( Fig. 2A) . Also included in the row (2 nd ) marked 6.3 eV < E-EF < -6.0 eV is the angular momentum decomposition of the peak originating from the central Au atom in the M3AuAg16(TBBT)12 cluster, showing a dominant contribution from the Au d-level (75.5%). In the evaluation of the PDOS the angular momentum projections (integrals of the products of the density of states with the spherical harmonics functions, Ylm) were carried out with respect to the center (position of the gold atom) of the cluster taken as the origin. 
Analysis of ligand bundling
The ligand bundling structure shown in Fig. 4 of the main text has been analyzed using the definitions in fig. S2 . The results of this analysis substantiates the cyclic L3 trimer bundle (depicted by the three phenyl rings colored blue) and the T-like bundling of the three L2 dimers (depicted by the three pairs of phenyl rings colored red, pink, and green). The phenyls of the unpaired ligands are shown as light gray benzene rings. The Ag metal core are depicted as dark gray spheres and the sulfur atoms of the thiols are represented by the yellow spheres. The definitions of the various distances and angles are given in fig. S2 and the paragraphs under the table. The numerical values of these geometrical parameters are given in table S2, corresponding to analysis made of the x-ray measured cluster structure, DFT-optimized, without [with] van der Waals interactions between the ligands.
fig. S2. Definitions of distances and angles used in analyzing the bundling geometries (Fig. 4 ).
L3 bundle (Blue ligands) -upper part of table S2
The distance (Å) between the center of mass (CM) of the L3 bundle to the phenyl ring centers, dCM. Ph From the above-measured angular deviations we conclude that the vector from CM (center-of mass) of the L3 cyclic trimer to the center of each of the phenyl rings to normal (90°) to the plane of the phenyl ring.
L2 bundles (red, pink, and green ligand pairs) -Lower part of table S2
The distance (1st column, dcc) is the distance between the phenyl ring centers ( fig. S2C ).
The angle (2nd column) is measured between the normals to the ring planes (for definition see fig. S2D ).
For the definitions of the distances in the 2nd and 3rd columns of the lower part of 
Single-crystal x-ray diffraction and analysis
The data reported herein were collected from a crystal of approximate dimensions of 206x80x73 μm 3 , and was mounted with a MiTeGen MicroLoop and cooled to 150 K for data collection. X-ray diffraction data were collected on a Bruker Apex Duo diffractometer (graphite-monochromated, CuKα = 1.54178 Å), which was equipped with an Apex II CCD detector and an Oxford Cryostream 700 low temperature device. The frames were integrated with the Bruker SAINT software package using a narrowframe algorithm (SAINT, V8.34A, Bruker AXS Inc., 2007, Madison, Wisconsin, USA) . The integration of the data using an orthorhombic unit cell yielded a total of 127,293 reflections to a maximum θ angle of 65.27° (0.85 Å resolution), of which 39,732 were independent (average redundancy 3.204, completeness = 96.9%, Rint = 8.39%, Rsig = 10.14%) and 26,734 (67.29%) were greater than 2σ(F 2 ). The final cell constants of a = 25.6436(8) Å, b = 28.3149(9) Å, c = 34.2465(11) Å, volume = 24866.2(14) Å 3 , are based upon the refinement of the XYZ-centroids of 9,914 reflections above 20 σ(I) with 5.160° < 2θ < 120.7°. Scaling Data were corrected for absorption effects using the Multi-Scan method (SADABS). The ratio of minimum to maximum apparent transmission was 0.660.
The structure was solved and refined using the Bruker SHELXTL Software Package, using the space group P 21 21 21, with Z = 4 for the formula unit, C216H360Ag16AuN3S12.
(Sheldrick, G. M., SADABS, Universität Göttingen, Göttingen, 1999 .) The final anisotropic full-matrix least-squares refinement on F 2 with 1227 variables converged at R1 = 7.02%, for the observed data and wR2 = 20.48% for all data. The goodness-of-fit was 1.025. The largest peak in the final difference electron density synthesis was 1.371 e -/Å 3 and the largest hole was -1.666 e -/Å 3 with an RMS deviation of 0.144 e -/Å 3 . On the basis of the final model, the calculated density was 1.417 g/cm 3 and F(000), 10800 e -.
Structural analysis of the (TOA)3AuAg16(TBBT)12
The crystal of (TOA)3AuAg16(TBBT)12 contains three independent cations and one anion in the asymmetric unit. The (TOA)3AuAg16(TBBT)12 nanoparticle crystallizes on a general position in the space group P212121, it refined as an inversion twin with an approximate ratio of 93:7. All the silver, gold and sulfur atoms were obtained by direct methods. During the following refinements and subsequent difference Fourier syntheses, remaining C-atoms and N-atoms were located with the exception of eight C-atoms on one of the TOA + .
Refinements were restrained and constrained to idealized values (DFIX, AFIX, SAME, SADI, SIMU, BUMP, and PART). The atomic displacement parameters of bonded Catoms were restrained with SIMU to be similar for the distorted phenyl rings, and for some of the TOA+ carbon chains. Two phenyl rings were modeled with AFIX 66 constraining them to idealized hexagons. All tert-butyl groups bond lengths and concomitantly the bond angles were idealized with SADI restraints of the C1-C2 and C1-C3 bonds.
Au-, Ag-, S-, and two cations' N atoms were refined with anisotropic displacement parameters, while all C atoms were refined with isotropic atomic displacement parameters. All H atoms were geometrically determined and included in the final refinements as riding atoms. It is common for these nanoparticles to have a high amount of residual electron density observed in the Au and Ag-core. Three acetonitrile solvent molecules were identified from the X-ray structure data. PLATON was used to identify four additional accessible voids with a volume of ca. 270 Å 3 , and an electron count of ca. 88 e -, respectively, which agrees with 4 acetonitrile molecules per void (Spek, A.L., Acta Cryst. D65, 148-155, 2009 ). This electron count has not been included in F(000), density or the molecular weight. Attempts to refine the structure with solvent free data were not successful (SQUEEZE). (4) C91 0.0361(10) 0.1294 (8) 0.3362 (7) 0.070 (6) C92 0.0065(9) 0.1625 (8) 0.3143 (7) 0.071 (6) C93 0.9592(11) 0.1778(10) 0.3300 (8) 0.088 (8) C94 0.9367(9) 0.1572(10) 0.3644 (8) 0.087 (8) C95 0.9679(10) 0.1256(9) 0.3843 (8) 0.082 (7) C96 0.0155(11) 0.1111(10) 0.3695 (8) 0.088 (8) C97 0.8838(9) 0.1752 (9) 0.3800 (7) 0.114 (10) (14) C101 0.0179(10) 0.3347 (8) 0.1653 (7) 0.071 (6) C102 0.9961(10) 0.2972 (9) 0.1838 (8) 0.078 (7) (7) 0.2191 (7) 0.183 (17) C116 0.4000 (7) 0.2667 (8) 
109.0(15) C110-C107-C109 108.7(15) C108-C107-C109 107.6(14) C110-C107-C104 112.
(3) C108-C107-C104 106.
(3) C109-C107-C104 114.
(3) C112-C111-C116 120.0 C112-C111-S12 120.3(13) C116-C111-S12 119.7(13) C111-C112-C113 120.0 C112-C113-C114 120.0 C115-C114-C113 120.0 C115-C114-C117 118.6(7) C113-C114-C117 120.5(7) 0.0460(4) 0.0479(4) 0.0491(4) -0.0022(3) 0.0009(4) -0.0005(4) Ag1 0.0504(9) 0.0568(9) 0.0670(11) 0.0007(7) -0.0036(8) 0.0064(7) Ag2 0.0622(9) 0.0482(8) 0.0658(10) -0.0063(7) 0.0038(9) -0.0003(7) Ag3 0.0672(10) 0.0547(9) 0.0715(12) -0.0069(8) 0.0039(9) -0.0068(7) Ag4 0.0552(9) 0.0552(9) 0.0573(10) -0.0059(7) -0.0046(8) -0.0030(7) Ag5 0.0518(8) 0.0491(8) 0.0579(10) 0.0019 (7) -0.0003(7) -0.0028(7) Ag6 0.0477(8) 0.0519(8) 0.0517(9) -0.0020(6) 0.0012 (7) 0.0021(6) Ag7 0.0511(8) 0.0532(8) 0.0504(8) -0.0026(6) -0.0022(7) -0.0013(7) Ag8 0.0552(9) 0.0798(10) 0.0653(10) 0.0024(8) -0.0075(8) -0.0025(9) Ag9 0.0483(8) 0.0646(10) 0.0610(10) -0.0007(7) -0.0013(7) -0.0047(7) Ag1 0 0.0588(10) 0.0619(10) 0.0576(10) 0.0021 (7) 0.0073(8) -0.0025 (7) Ag1 1 0.0589(9) 0.0467(8) 0.0552(9) -0.0014(6) 0.0014(8) -0.0015 (7) Ag1 2 0.0574(9) 0.0572(9) 0.0508(10) 0.0029(7) 0.0004(7) 0.0053 (7) Ag1 3 0.0650(10) 0.0585(9) 0.0606(10) 0.0049(8) 0.0041(8) 0.0104 (7) Ag1 4 0.0687(10) 0.0672(10) 0.0522(9) -0.0073(7) 0.0037(8) 0.0017 (8) Ag1 5 0.0554(9) 0.0666(10) 0.0694 (11) 
